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! SUMMARY

Knock-l:lmited performance data for various fuels were obtained
in F-3 and F-4 engines at standard opereting conditions. Triptene,
hot-acld octane, {iisopropyl, neohexans, mixed xylenes, cumense,
benzens, tolusne, and.methyl tert-butyl ether were investligated in
0~ to 100-percent blends with virgin base stock, aviation alkylete,
and one-pass ¢etalytic stock; lasopentane in O- to 60-percent blends
with virgin base stock end in O~ to 40-percent blends with aviation
alkylate and one-pass catalytic stock wes also investigated. All
fuels and blends were leaded to 4 ml TEL per gallon. ’

Laboratory inspection data were obtained for all pure fuel
stocks and blends.

Results of.the F-3 engine study indicated thet methyl itert-butyl
other, nechexans, triptane, and dilsopropyl were the most satisfac-
tory blending agenta for increasing the lesn-misture knock-limited . .
performence. Results. of the F-4 engline studj indicated ‘that methyl
text-butyl ether and toluene were the most satisfactory blending
agents for increasing the rich-mixture ¥mock-limited performance.

INTRODUCTION y

An investigation 1s being condncted at the Cleveland laboratory
of the NACA in order to evaluate the advantages in knock-limited engine
performance to be gained by the use of high-antiknock compounds as
camponents of avietion fuel. As part of the program, binary blends
of 10 campounds blended with each of three base fuels were tested in
F-3 and F-4 rating engines. These compounds, the base fuels, and the
blend concentrations are listed in the following table:




HACA MR Ro. B4K27

Percentage in base fuel

Virgin Aviation One~pass
Cemponent™ bage - | Alkylate catalytic
stock stock
Triptane (z,z,s-trmethylputm)} 0,20,40, | 0,20,40,60, | 0,20,40,60,
Hot-ac1d octane . 60,100 - | 80,100 80,100
Isopentane (2-methylbutans) 0,20, 0,20,40 0,20,40
40,60 ’
Diisopropyl (2,s-dmethy1butam)]
Neohexane (2,2-dimethylbutane) |
Mixed xylenes 0,20,40 | 0,20,40,60, | 0,20,40,60,
Cumene (isopropylbenzens) } 60,80,100 80,100 80,100
Benzene
Tolusne (methylbenzene)
Mothyl tort-butyl ether J

“A11 blends and pure fuel stocke were leaded to 4 ml TEL/gal.

The fuol bPase stocks and high-performance compounds were obtained through
the Army Air Forces, Alr Technical Service Command.

The purpose of the present report is to summarize in the form of
tables and figures thé F-3 and F~4 performsnce data and the laboratory
inspection data for all of the blends tested.

APPARATUS AND TEST PROCEDURE

The blends and blending agents were tested in ¥-3 and F-4 rating

engines (CRC designations F-3-544 and F-4-443).

The ¥~3 engine was

provided with a barametrically controlled dry-air supply instead of

the dehydrating ice tower,

The F-4 engins wes installed with a

106360D piston instead of a 106360G piston and was provided with a
cathode-ray oscilloscope in conjunction with a megnetostriction

In the F-4 engine tests, the fuel~
alr ratio was enrlched fram 0.055 to a value past that at which max-
imm knack-limited indicated mean effective pressure was obtalned unless
the limit of fuel flow was reached or the teat fuel preignited.

pickup unit for detecting Imock.

Because of the numerocus fuel blends tested, the F-4 ratings wore

estimated from e reference-fuel fremework (fig., 1).

All of the F-4

Performance ratings for the fuels were estimated from the reference-
fuel framework in figure 1 with the exception of the ratings for the
three base fuels, vhich were obtained by atandard F-4 procedure and are

superimposed on figure 1.
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TEST RESULTS

-~ -+ Laboratory ilnspection.dsate .obtalned for all pmje,fpsl stocks and
for all blends are presented in table I. Table II lists the F-3 and
kriock-limited F-4 performance ratings for the fuels tested. Perform-
ance numbers are given for all values below 161. Performance mumbers

between 161 and 200 were estimated by multiplylng the performence
numbax of 5-3 reference fuel plus 6 ml TEL per gallon by the ratio of
the knock-limited indicated mean effective pressure of the test fuel
to the knock-limited indicated mean effective pressure of B8-3 refer-
ence fuel plus 6 ml TEL per gallon.

Figure 2 shows the day=to-day variation of the F-4 engine.
Figures 3 to 12 present the knock-limited performance data for dinary
blenda of the 10 high-antiknook compounds with esach of the three base
fuels. With the exception of the data for fuels and fuel blends
shown in figures 3(a) and (b); S(a), (b), and (c); 6(a) and (b);
9(a); and 11(a), each group of tests of an antiknock component and
one base fuel were made on a single operating day.

The data presented in figure 2 allow an estimate of the repro-
ducibility of the F-4 rating engino. For each of the three base
fuels, the average Indicated mean effective pressure, the arithmet-
ical mean deviation fram the average indiocated ‘mean effective
Pressure, and the ratio of arithmetlcal mean deviation to average
indicated mean effective pressure (oxpressed as percentage) have
been calculated. The results are sumarized in teble ITI. A cuxve
(fig.13) faired through the weighted averages of the percentage
moan devietions of the threoe basc fuels shows that knock-limited
verformance teats 1n an F-4 engine are considerably less reproduc-
ible at low fuel-alr ratios than at high ratios.

Testing of ocach of the aromatics (mixed xylenes, cumens, ben-
zens, and toluene, data presented in figs. 8 to 11) in the P-4
engine caused severe burning of the second plston land and excessive
ring wear. The following table indicates the ring wear that re-
sulted from aromatic blending agents as compared with the wear that
resulted from paraffinic blending agents:
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Engine Blending Ring-gap clearance

running agent (in.)

tine tested Compression riugs 0il rings
(br) Top |Center |Bottom| Top |Bottam
s T B 0.020{ 0.020 {0.020 |0.018{ 0.018
150 Paraffins .042| .045 | .078 | .035] .050
70 | Mixed xylenes .100f .118 | .121 | .058| .066
80 Methyl tert-butyl| .100| .153 | .189 | .072{ .057

ether and benzene

54 Toluens 125! 132 | .161 | .078] .074

SMaximm ring-gap clearances speocified for F-4 rating engine.

SUMMARY OF RESULTS

Results of knock-limited performance tests of binary blends of
10 high-antiknock compounds with cach of threce base fuols in F-3 and
F-4 rating engines are sumarized as follows:

1. Tosts by the F-3 rating method indicated that methyl tert-
butyl ether, noohexane, triptane, and dilisopropyl were the most
satisfactory blending agents for increasing the lean-mixture knock-
limited performence.

2. Tests by the F-4 »ating method indicated that methyl tort-
butyl ether and tolueno were the most satisfactory blonding agents
for Increasing tho rich-mixture knock-limited performance.

3. Inspection tosts Indicate that all blending agents sxamined
can be used 1n aviation-fuel blends without digression from presont
Army-Navy fuel speclfications. The concentrations in which any
glven blending agent can be used wlll necessarily be detormined by
specific properties such as heat of combustion, freezing point, and
volatllity. Mlxed xylones, cumene, benzene, toluene, and methyl
tert-butyl ether had low heats of cambustion; triptane, mixed
Xylenes, and benzene had high freezing points; lsopentaneo, neochexans,
methyl tert-butyl other, and dilsopropyl had high Reld vapor pressures.

Alrcraft Engine Rescarch Laboratory,
National Advisory Comittee for Aeronautics,
Cleveland, Ohlo, November 27, 1S44.
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TABLE I - INSPECTION DATA FOR PURE

EUK 27

Erhe following abbreviations are used throughout the table:
one-pass stock for one-pass catdlytic stock;

Fuel composition A.S.T.M. distillation data
TBL |init1allof |40 (504 |[90% |Final|Sum of|Resi-|Loss
con~ |boiling|point| point|pothtqpeint [boil~ |10 and|due (per-
Fuel Components cen-|point (°F) | (°F) [(oP) [(oF) |ing {50% (per-|cent)
tra-| (°F) point|pointsicent)
tion (°F) (oF)
{ml/
gal)
A-202 [VBS 0 114 145 | 172 | 180 | 229 | 298| azs 0.¢ | 1.1
A~118[50% alkylate + 50% VBS 4.04| 112 150 | 188 | 200 | 254 | 336 | 350 0.7 | 1.1
A-203 |Alkylate 113 160 | 215 | 226 | 272 | 364 | 386 . 1.0
A-132|30% one-pass stock + 70% VBS 4,08] 112 140 | 170 | 182 | 251 | 318 | 322 0.5 | 1.3
A-116|50% one-pass stock + 50% VBS 4.06f 103 134 | 170 | 184 | 269 | 321 ( 318 .5 | 1.0
A-119|80% one-pass stock + 20% VBS 4.05] 116 130 | 171 | 190 | 285 | 326 | 320 4| 1.4
A-122|30%4 one-pass stock + 70% alkylate [3.96 110 147 202 218 272 345 365 0.6 1.2
A-117|50% one-pass stock + 50% alkylate |[4.00 1086 140 194 213 280 341 353 .5 1.0
A-121|80% one-pass stock + 20% alkylate |4.04| 106 131 | 181 | 204 | 288 | 334 | 335 2 D Y-
A-204 |One-pass stock o] 105 128 | 170 | 193 | 287 | 332 | 321 .5 ] 1.0
A=136|20% triptane + 80% VBS 4.10| 124 150 1 172 | 178 | 218 | 299 | 328 0.7 | 0.8
A-137|40% triptane + 60% VBS 4.05] 128 156 | 172 | 177 | 205 | 287 | 333 .6 .6
A-138|60% triptane + 40% VBS 4.08| 42 162 | 174 | 176 | 194 | 274 | 338 .7 .5
A-272|20% triptane + 80% alkylate (a) 122 164 | 202 | 210 | 259 | 346 | 374 0.9 | 0.6
A-273|40% triptane + 60% alkylate (d) 130 167 | 192 | 198 | 251 | 335 | 365 .7 .8
A-274|60% triptane + 20% alkylate (a) 144 169 | 183 | 188 | 230 | 326 | 357 .8 .7
A-275(|80% triptane 20% alkylate (a) 158 172 | 178 | 180 | 202 | 296 | 352 .8 .2
A-276|20% triptane + 80% one-pass stock |(d) 107 136 172 186 281 321 322 0.4 1.4
A-277|40% triptane + 60% one-pass stock |[{d) 120 147 | 174 | 183 | 275 | 320 | 330 .9 .9
‘4-278|60% triptane + 40% one-pass stock |(d) 128 156 174 179 234 316 335 4 .6
A-279{80% triptane + 20% one-pass stock |(4d) 141 166 | 177 | 179 | 196 | 304 | 245 .5 .5
A-206 |Triptane 0 172 174 | 174 | 174 | 175 | 180 | 348 .4 .8
A=397|20% diisopropyl + 80% VBS (a) 120 143 | 160 | 168 | 224 | 287 | 311 0.9 | 0.8
A-398{40% diisopropyl + 60% VBS (d) 125 138 | 151 | 156 | 214 | 285 | 294 .7 ] 1.5
A-399|60% diisopropyl + 40% VBS (a) 128 138 | 146 | 148 | 197 | 258 | 286 9| 1.1
A~400|80% dllsopropyl + 204 VBS (d) 130 136 | 140 | 142 | 165 | 254 | 278 71 1.0
A-405|204 dilsopropyl + 80% alkylate () 120 151 | 187 | 202 | 263 | 344 | 353 1.1 | 0.7
A-406 [¢0Z diisopropyl + 604 alkylate (d) 126 140 | 155 | 162 | 252 | 330 | 302 1.2 .3
A=407|60% diisopropyl + 40% alkylate (a) 127 140 | 150 | 156 | 246 | 322 | 296 1.1 .6
A-408|80% dilsopropyl + 20X alkylate (a) 130 136 | 141 | 143 | 208 | 295 | 279 1.0 .6
A=-401|20% diisopropyl + 80% one-pass (d) 112 132 | 157 | 172 | 287 | 322 | 304 0.5 | 1.5
stock
A-402[40% dlisopropyl + 60% one-pass (d) 117 133 | 150 | 157 | 277 | 321 | 290 .8 .9
stock
A-403]60% dilsopropyl + 40% one-pass (a) 121 133 143 147 257 315 | 280 4 1.2
stock
A-404 |80% diisopropyl + 20% one-pass (a) 127 134 | 138 | 140 | 169 | 305 | 274 .7 .7
stock
A-433|Diisopropyl o] 132 134 | 135 | 135 | 135 | 136 | 269 |None { 1.2
A-411|20% neohexane + 80% VBS (d) 118 138 | 157 | 165 | 227 | 289 | 303 0.9 | 0.9
A-412|40% nechexane + 60% VBS (a) 118 133 | 145 | 151 | 219 | 285 | 284 .8 .8
A-413|60% nechexane + 40% VBS (a) 113 127 | 135 | 138 | 201 | 26€ | 265 61 1.3
A-414|80% neohexane + 204 VBS (a) 18 123 | 126 | 128 | 161 [ 241 | 251 .91 1.1
A-415|20% neohexane + 80% alkylate (a) 116 146 | 183 | 203 | 265 | 345 | 349 1.1 | o.8
A=-416]40% neohexane + 60% alkylate (d) 117 134 | 157 | 169 | 257 | 332 | 303 1.2 .8
A-417|60% neohexane + 40% alkylate (d}) 116 125 136 142 247 322 | 267 1.1 1.1
A-418]|80% neohexane + 20% alkylate (d) 116 122 | 127 | 129 { 220 | 290 | 251 9] 1.4
A-420|20% neohexane + 8 one-pass stock|(d) 107 127 151 167 283 323 294 0.6 1.3
A-421]40% neohexane + 60% one-pass stock|(d) 110 125 140 148 275 318 273 5 1.4
A-422|60X nechexane 4+ 40% one-pass stockj(d) 112 121 130 134 259 313 255 .5 l.2
A-423]80% neohexane + 20% one-pass stock|(d) 116 120 125 126 181 302 246 -6 1.6
A~500| Neohexane 0 119 120 | 120 | 120 | 121 | 123 | 240 |None | 1.2
A-123|20% isopentane + 80% VBS 4.06] 1to2 122 | 148 | 160 | 224 | 297 | 282 0.7 | 1.3
A-124 40X isopentane + 60X VBS 4.06 96 108 | 124 | 134 | 216 | 291 | 242 .7 | 2.8
A-134|60% 1sopentane + 40% VBS 4.16 90 98 | 106 | 110 | 200 | 266 | 208 .8 | 2.4
A-375|20% 1sopentane + 80% alkylate (a) 104 127 | 175 | 208 | 262 | 344 | 335 0.9 | 2.0
A-376}40% isopentane + 60% alkylate (d) 97 110 | 134 | 164 | 256 | 335 | 264 71 1.4
A-388|204 1sopentane + 80% one-pass stock|(d) 102 118 | 146 | 167 | 288 | 322 | 285 0.4 | 2.4
A-389]40% isopentane + 60% one-pass stook|(ad) 96 106 | 121 | 129 | 278 | 318 | 235 .6 | 2.1
A=-209{Isopentane [0 80 a2 86 86 90 a2 168 None 3.6

2pstimated by change in refractive index following adsorption on silica gel.
bCalculated by using average molecular weight from distillation curve (Universal 0il Products

Method H-173~40).

Correction made for olefins.
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PUEL 5TOCKS AND POR PUEL BLENDS

VES for virgin base stock; alkylate for aviation alkylate;
and NT8 ether for methyl tert-butyl ether.

Specifioc| Copper- |Reid - Aromatics™ Preezing |Hydrogen~| Net heat] Refractive| Bromine Olefins?
gravity | dish vapor {percent point carbon of com- | index number | (percent
at 80° P pressure|by volume) (op) ratio bustion np, (cg/g) | by weight)
Fuel ;f:nc/ (1b/sq (Btu/1b)| .\ eg0 p
100 m1)| 4n.)
A-20R 0,713 Nore 5.9 7.3 Below ~-76 0.175 19,000 1.3988 2.8 1.7
A-118 | 0.707 |~=mewe- - T O Y Er Ty ceevmeae]l  1.3957 | eameenn| mmmcecaana
A-203 .698 2 4.7 None Below =76| 0.189 19,100 1.3928 0.2 0.1
A-132 | 0.723 6.0 |e=-ecomccn| mceeen ccnfecmcmcmce| romnmene|  1.,4043 [ ececeon| ccseccncea
A-116 127 7.1 reamm——- -] vv——- P R bl ELL L ST T 1.4080 P L L
A-119 735 7.4 omemccosen | cocea R Y et I R L L l.4141 |=-==-- | o= -
A-122 0.718 5.8 wrereences | comncsrna|cacvecaca] sncrocaa 1.4005
A~11"7 721 6.5 emmerocces [ momaa cree|acrcsvese| cncnnnaa 1.4051
A-121 732 7.2 LA TET LS | ermcerccalerm e aeaa orem—- - 1.4123
A-204 739 7.9 24.8 Below =76 0.156 18,700 1.4177
A-136 | 0.712 6.0 |em=ecacne - | Below -76 cmew-eea|  1.3969
A-137 707 5.3 |eercnc-- ~- | Below -76 1.3953
A-138 J704 4.5 |[=-===e=e-- [CBelow =76 1.3938 | =eecece|ecacencans
A-272 0.701 m—m—ee- 4.4 emecce-a-s | Below -76
aA=273 .701 ——rme—— 4.1 em-eccemsa | Below =76
A-274 .700 ——em———— 4.0 |[=e-ccace- -~ | Below -76
A-275 +699 |~emw--a 3.6 e m————— - | Below =76
A-276 0.734 6.7 Below =76
A-277 .725 5.9 Below ~76
A-278 716 5,1 Below ~76
A-279 .710 4.2. Below ~76
A-206 .694 3.0 -18
A~-397 0.705 |ee--=- - 6.6
A-398 .695 —e-mm——- 5.8
A-399 .6B6 |=-w-e--- 5.8
4-500 L6777 Jeemmann 7.0
A-405 | 0.695 |=w-ceua 5.5
A-406 +687 | =ame-ae 6.3
A-407 .68l |em--e-e 6.4
A-408 675 fe-memee 6.8
4~401 | 0.728 [e--ece- - - I B T P B T I
A-402 I 5 7 T PR L 2% N PRSI T L T SURPRPUIRY U R [ ] [ -
A-403 698 [emem-=-a Te2 |eommeceaao B T —_————— e |- L
A~404 .683 |eem--eo 7.3 fecmeccoane fomceaaan B T T B T e
£=433 .66€ Hone 7.4
Li~411 0.705 cemmace 7.0
A=-412 .694 S ] 7.5
4-413 .683 ereecee 8.1
A=-4l4 .672 L LR 9.1
A-4156 0.693 m——ea 5.9
A=416 .686 recmaas 6.0
A-417 677 w—rmee- 7.9
L£=518 670 c——eene 9.8
A-420 0.728 cesmeea 7.9
aA=621 .72 cvrecea 8.3
a=-422 696 - 8.6
A=423 .678 ————wm— 9.1
A-500 668 1 2.7
A=123 | 0.702 [ec-=e== 9.3
A=124 o879 |eecmeea 11.8
A=134 «664 |eccmee=] 14.4
2375 | 0.687 |e-ceees 8.4 - - . P SRR DU,
A=376 673 |ececcaaa 11.6 Jeeccecesnce aee
£4-308 | 0,720 9.9 -
a~308 699 12.5 |-
A=209 624 19,6 |evcececeee { Below =76 0.202 19,100 1,3644 |e=cccec|cacencases
Scloudy,
dm‘m'exy . .1 TWBll- . NAT'ONAL N)Vl SORY

COMMITTEE FOR AERONAUTICS
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NATIONAL ADVISORY TABLE I - INSPECTION DATA FOR PURE FUEL

COMMITTEE FOR AERONAUTICS

Fuel composition A.S.T.M. distillation data
TEL {Inttial (104 40X |50 (90X [Pinal [sum of|Resi-[Loss
con-]bolling |point {point |point |point {boll- (10 and{due (per-
Fuel Components cent|point (°F) |(9F) |(°P) |(°P) [ing |50% (per-|cent)
tra-{ (°F) point [pointsjcent)
tion (°P) (°F)
(ml/
gal)
A-139120% hot-acld octane 4 80% VBS 4.10] 118 154 | 184 | 193 | 232 | 298 | 347 0.5 | 1.0
A-140|40% hot-acid octane + 60% VBS 4.04f 123 166 | 198 | 206 | 234 | 290 | 372 6 1 1.2
A-141}60% hot-aclid octane + 40% VBS 4.02| 122 176 | 209 | 216 | 234 | 272 | 392 .7 .5
A-367|20% hot-acid octane + 80% alkylate](d) 112 169 | 218 | 225 | 259 | 341 | 394 1.2 | 0.6
A-368]|40% hot-acid octane + 60% alkylate{(ad) 124 184 223 227 253 342 411 .8 1.2
A-369({60X hot-acid octane + 40% alkylate|(d) 132 193 224 226 243 315 419 .8 1.5
A-370|80% hot-acld octane + 20% alkylate|(d) 144 208 | 224 | 225 | 239 | 279 | 433 .8 ] 1.4
A-371|20% hot-acid octane + 80% one-pass|(d) 114 142 | 189 | 208 | 282 | 322 | 350 0.4 | 1.4
stock
A-372|40% hot-acld octane + 60X one-pass|(d) 124 155 206 218 269 321 373 .6 l.4
stock
A-373{60% hot-acid octane + 40% one-pass{(d) 115 165 215 222 250 310 | 387 8 1.1
stock
A-374180% hot-acid octane + 20% one-pass|(d) 129 195 | 222 | 224 | 240 | 294 | 419 .7 .5
stock
A-205|Hot-acld octane o] 174 216 224 224 230 257 440 .6 .9
A-148|20% mixed xylenes + 80% VBS 4.07 116 152 181 203 272 296 355 0.4 0.6
A-444|40% mixed xylenes + 60% VBS (a) 122 167 215 232 277 288 399 - .5
A-445|60% mixed xylenes + 40% VBS (a) 128 196 252 264 277 287 460 .3 -4
A-446|80% mixed xylenes + 20% VBS (d) 140 220 | 266 | 270 | 278 | 283 | 490 .4 .6
A-149{20% mixed xylenes + 80% alkylate 3.96 121 176 234 242 276 342 418 Q.8 0.7
A-262[40% mixed xylenes + 60% alkylate (a) 124 191 249 | 255 | 281 320 | 446 5§ 1.3
A-263{60% mixed xylenes + 40% alkylate (a) 130 217 262 266 280 | 306 | 483 .5 5
A-264|804 mixed xylenes + 20% alkylate (d) 136 238 268 271 279 295 509 .8 .8
A~150[20% mixed xylenes + 80% one-pass 4.10| 106 146 200 230 285 315 376 0.3 0.9
stock
A-266|40% mixed xylenes + 60% one-pass (a) 115 158 244 262 284 311 42] .8 8
stock
A-267]|604 mixed xylenes + 40X one-pass (a) 115 154 251 264 282 303 418 .1 1.1
stock
A-268|80%€ mixed xylenes + 20% one-pass (d) 126 222 273 275 280 204 497 <2 .8
stock
A-237 |[Mixed xylenes o] 273 275 276 276 277 278 §51 +2 |None
A-163|20% cumene + 80% VBS 4.12 116 152 188 202 294 321 354 0.5 0.7
A-244|40% cumene + 60% VBS (a) 123 161 218 238 300 330 399 4 .9
A~246|60% cumene + 40% VBS (a) 126 180 | 265 | 284 | 302 | 335 | 464 .6 N.]
A-247]80% cumene + 20% VBS (a) 130 228 296 298 308 339 526 5 .5
A-164}20% cumene + BOX alkylate 3.99 116 170 234 244 300 342 414 0.7 0.5
A-249|40% cumene + 60X alkylate (a 118 188 | 257 | 267 | 302 | 340 | 455 5] .8
A-250|60%€ cumene + 40% alkylate (a 124 206 271 280 | 304 339 486 5 .5
A-251|80% cumene + 20% alkylate (a 140 262 | 293 | 296 | 304 | 342 | 558 5 .5
A-165|20%4 cumene + 80% one-pass stock 3.92] 106 136 | 203 834 | 299 | 326 | 370 0.6-] 0.4
A-253|40% cumene + 60% one-pass stock (a 110 144 240 268 301 330 | 412 1.0} 1.0
A-254 |6 cumene + 40% one-pass stock (a 120 174 285 289 303 336 463 - 1.1
A-255{B0% cumene + 20% one-pass stock (a 125 216 | 292 | 295 | 303 | 340 | S11 1.0} 1.0
A=238{Cumene* [} 293 298 | 300 | 300 | 305 | 349 | 598 5 5
«4-170{20K benzene + 80% VBS 4.11 118 148 | 187 174 218 | 299 | 322 0,6 | 0.5
A-342|40% benzene + 60% VBS {a 126 154 168 173 204 286 327 - 1.0
A-343|60% benzene + 40% VBS (a 144 164 171 174 185 | 266 | 338 .4 1.1
A-344|80% benzene + 20% VBS (a 148 168 | 172 | 174 | 179 | 838 | 342 K3 -6
A-168|20% benzene + 80% alkylate 3.92 120 156 190 | 200 | 258 | 345 | 356 0.7 | 0.3
A-359]|40% benzene + 60% alkylate (a 126 162 | 180 | 186 | 245 | 333 | 348 .8 1.2
A-360}60% benzene + 40% alkylate (a 143 166 | 177 179 | 819 | 324 | 345 «6 .9
A-361|80% benzene + 20% alkylate (a 15¢ 170 | 175 | 176 185 | 293 | 346 6 .6
A~169]20% benzene + 80% onc-pass stock {4.08] 107 134 170 | 182 | 282 | 321 | 316 0.3 | 0.9
A=-363{40% bensene + 60€ one-pass stock |(d 117 147 | 171 | 179 | 273 | 318 | 326 S| 1.0
A-364|60% benzcne + 40% one-pass stock (a 1g2 183 | 173 177 | 227 | 314 | 330 411
A-365]980€ benzene + 20% one-pass stock (a 143 164 173 175 191 316 aw X 8
A>210|Benzene [+) 170 173 | 173 | 178 | 174 | 175 | 346 2 8

2pstimated by change in refractive index following adsorption on silica gel,

bcalcu:lated by using aversage molecular weight from distillation curve (Universal 01} Producss
Method H-173-40).

°cloudy.

Correction made for olefins.



NACA MR No. EYK27 9

STOCKS AND FPOR FUEL BLENDS - Continued

Specirfric | Copper- |Reid Aromatics® | Preezing |Hydrogen-|Net heat|Refractive|Bromine OlefinsP
gravity dish vapor {percent point carbon of com- |index number |(percent
at 80° P pressure by volume) (°P) ratlo bustion ny, (ca/g) |by welight)
Eng/ (1b/aq (Btu/1b) s

Fuel 100 m1}| 1n%) at 88° F

A-139] 0.71% 5 5.8 1.3992 LR g Rt R L LT

A-140( .716 6 5.0 1.3997 [es~emon]emeoveaan -

A=141 715 .} 4.3 1.4002 |-==-- = |ememeana- -

A-387| 0,703 cmmme—— 4.4

A-368] .707 ——————— 3.8

A-369| .710 m—em—aa 3.1

A-370f .714 ——————- 2.9

A-371) 0,737 ——————— 6.5 |==~-- wmmme | wmmeae B D e L mmeea- R Rl LT L

A-372| 732 —————— 5.5 [ee—cccmemc | comeen B B B ] ——————— L P P E - -

A-373]  .727 ————— - 4.6 |-=een- Bl I e B D i Lttt EEEE PP

A-374] .722 —emm——- 3.6 femeemcmmee | comeea Y CE T TR B et P T B el EEEFT PR

A-205 .715 6 2.7 1.4009 2.6 1.7

A-148| 0,746 5.3 1.4180

A-444 775 4.2 —————

A-445 N:{el 3.0

A-446€ .B24 2.2

A-149| 0.731 3.9

A-262 .768 3.0

A-263 .799 2.2

A-264 .821 1.9

A=150( 0.767 | ===-===- 6.5

A-266| .793 ————— [ 3 P L T B T B e et

A-267) .800 |==-=-- - S T B P LT T rr Y PR P

A-268| .838 |-=----- -3 R P B e L B B ] ottt CEE LR

A-237| .867 2 .5 1.4959 |-=--- em[mmmmmaan --

A=163[ 0.737 |====== - 5.3 1.4169

A-244| 775 e 4.4 1.4353

A-246 +804 ceecac- 3.2 1.4538

A%247| 832 c—aeee 2.0 [RPPRPNOREREY PR [ -

A-164| 0.732 3 4.0 1.4122

A-249 «767 e cme- 3.2 1.4320

A-250 787 ,eem——— 2.6 |=ececcece-| Below «76|~=cvccccc|ascccccn caa-= —————

A-251 .831 ——————— l.4 cmarceeea-

A-165( 0,769 6.4

A-253 787 5.3

A-254 .81l6 3.8

A-255 «836 emeccmoa 2.4

A-238 .863 3 3

A-170| C.748 6,0 | 26,0 | «38 |=ceccccec|ecmaa

A-342 772 5.6

A=343 +823 4.6

A=344 <844 4.2

A-168| 0.734 4.8 19.5 -24 crcmcermn|cecrcaca

A=359| .770 4,7 |emcccrccoc | ccccmncacccccncann| e nees

A-360 «803 4.4 ——ee— .

A-361 <841 3.7 - -

A-169] 0.768 7.0 40.0 =53 eresocene| cencocan

A~363 .822 6.0 [FUNPIT R,

A-364 841 5.2 -

A=-365/! «850 4.4 crmcmawn

A-210 .883 3.5 0.084 17,400

dApprulutely 4 ml TRL/gal.

At 14° ¥ a small quantity of an impurity, probably water, scpu-ntod and formed a cloud. When sample
was dried over sodium, no cloud formation was observed to =76° F.
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




o NACA MR No. EUK27
TABLE I - INSPECTION DATA FOR PURE FUEL
Puel composition A.S.T.M. distillation data

TEL | Initial (104 (40X [50% [90£ |Pinal|Sum of|Resi-|Loss

con-|bolling|point|point|point|point |boil- |20 and|due (per-
Fuel Components cen-{ point [(°F) |(°P) |(°F) |(°F) |ing |50% (per-|cent)

tra={ (°F) point [points|cent)

tion (°F) | (oF)

(m1/]

gal)
A-145{20% toluene + 80% VBS 4.10] 122 157 | 186 | 194 [ 230 | 204 | 351 0.6 | 0.9
A-322]|40% toluene + 60% VBS (a 126 163 | 193 | 201 | 231 | 282 | 364 4 .6
A-323|60% toluene + 40% VBS (a 135 179 | 208 | 215 | 230 | 256 | 394 .51 1.0
A-324}80% toluene + 20% VBS (a 148 203 | 222 | 224 | 230 | 252 | 427 By .
A-146]|20€ toluene + BOZ alkylate 3.96] 118 172 | 216 | 223 | 254 | 349 | 395 1,0 | 0.5
A-326|40% toluene + 60% alkylate (a 119 185 | 221 | 224 | 241 | 334 | 409 .8 7
A-327]60% toluene + 40% alkylate (a 131 203 | 223 | 225 | 235 | 311 | 428 1.1 .1
A-~328|80% toluene + 20% alkylate (a 155 216 | 226 | 227 | 231 | 263 | 443 1.1 W1
A-147|20% toluene + 80% one-pass stock (4.05] 106 140 | 192 | 213 | 274 | 320 | 353 0,6 | 0.9
A-332]40% toluene + 60% one-pass stock |[(d 119 158 | 212 | 224 | 259 | 322 | 382 3| 1.2
A-333]60% toluene + 40£ one-pass stock [(a 119 180 | 223 | 228 | 246 | 313 | 408 .5 .7
A-334|80% toluene + 208 one-pass stock |{d 138 209 | 226 | 228 | 244 | 286 | 437 3 .5
A-232|Toluene 0 224 226 | 226 | 226 | 227 | 228 | 452 |None .8
A=171]20% MTB ether + 80% VBS 3.99f 117 138 | 157 | 165 | 222 | 294 | 303 0.6 | 1.2
A-357|40% MTB ether + 60% VBS (a 120 135 | 147 | 152 | 194 | 282 | 287 .81 1.0
A-338)60% MTB ether + 40% VBS (a 119 130 | 138 | 142 | 190 | 263 | 272 .7 .8
A-339[80% MTB ether + 20% VBS (4 124 130 | 134 | 136 | 153 | 242 | 266 .7 | 1.2
A-172]20% MTB ether + 80% alkylate 4.02] 114 144 | 181 | 200 | 262 | 346 | 344 0.8 | 1.2
A-348|40f MTB ether + 60% alkylate (a 116 134 | 155 | 167 | 251 | 333 | 301 1.0} 1.0
A-349|60% NTB ether + 40% alkylate (a 120 132 | 142 | 147 | 240 | 316 | 279 1.1 .9
A-350|80% MTB ether + 20% alkylate (4 124 130 | 135 { 137 | 191 | 304 | 267 .6 .9
A-173]20% MTB ether + 80% one-pass stock|{4.04] 108 127 | 152 | 165 | 278 | 321 | 292 0.4 | 1.4
A-352]40% NTB ether + 60% one-pass stock|(d 110 126 | 143 | 150 | 273 | 318 | 276 .51 1,5
A-353160€ MTB ether + 40% one-pass stock|(a 114 127 | 136 | 140 | 262 | 315 | 267 61 1.4
A-354]|80% MTB ether + 2 one-pass stock{(d 121 128 133 134 170 | 301 262 5 1.0
A-236IMTB ether 0 125 128 | 129 | 129 | 130 | 133 | 257 |None | 1.0

Spstimated by ochange in refractive index
bCalqulated by using average molecular weight from distillation curve (Universal 01l Products
Method H-173-40).

followlng adsorption on silica gel.

Correction made for olefins.

NATION AL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA MR No. E

YK27

(W}
STOCKS AND POR FUEL BLEKDS - Concluded
Specific|Copper- |Reid Aromatics® | Freezing |Hydrogen- [Net heat| Refractive |{Bromine OlefinsP
gravity ldish vapor (percent point carbon of com- | index number |(percent
at 60° F pressure| by volume) (°F) ratio bustion ny (cg/g) |by welght)
mg/  1(1b/sq (Btu/1b) °
Fuel 100 m1)} 4n. at 68" P
A-145 0.746 5.3 Below -76 1.4178 |==ceeem|eccmncaaa
A-322 760 5.1
A-323 »792 4.0
A-324 .823 2.6 e meme-—
A-146 0.733 4.0 Below -76
A=326 +766 3.3 m—meme- -
A=327 .800 2.6
A=-328 .832 2.0
A-147 0.766 6.6 Below =76
A-332 <793 5.1 P
A=-333 817 3.9
A=-334 .848 2.5
A-232 .871 1 1.1
A-171 0.721 |==c==== 5.8
A-337 725 |mmmem—- 7.1
A-338 73l |mm=eae- 7.3
A-339 738 mecece- 7.3
A-172 0,709 5.7
A-348 717 6.5
A-349 +726 6.8
A~-350 736 7.2
A-173 0.742 |-=--=== 7.8 Below =76|==eeeeem= cmmmm——- 1.4080 [---cc--|ecomacanaa
A-352 AT IELEEELL 7.8 memmcecna
A-353 oThE | === - 7.6
A-354 748 |--ca-- - 7.4 [
A-236 <747 None 8.8 Below -76| 0.201 15,200 1,3697 |-ceceec|-ca-aa o

dApproximtoly 4 ml TEL/gal.

NATIONAL ADV ISORY
COMMITTEE FOR AERONAUTICS




NACA MR No. EUK27

TABLE II - PERFORNANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES

[For each fuel there are three rows of values: The first row is imep, 1lb/sq in.; the second row for
-3 ratings ls octanes number or tetraethyl lead in S-3 reference fuel, ml/gal; the second row for
F-4 ratings is percentage S-3 reference fuel in M-4 reference fuel or tetraethyl lead in S8-35 refer-
enge fuel, ml/gal; the third row is performance number., The [ollowing abbrevia-
tions are used throughout the table: VBS for virgin base stock; alkylate for aviation alkylate;
one-pass stock for one-pass catalytic stock; and MTB ether for methyl tert-butyl ethcr.]

Fuel Fuel composition? P-3 P-4 ratings

by volunme) ratings Fuel-air ratio
0.065 [0.070 [0.085 |0.095 [0.100 [0.110
A-355 | VBS ——emee- 73 83 122 137 141 143
90.7 96.6 99.8 | 0.08 99.8 99.0 97.8
75 91 99 103 99 97 94
A-118 | 50€ alkylate + 50% VBS m————- 86 99 143 159 162 165
98.8 0.10 0.19 | 0.34 0.33 0.2 0.24
96 104 107 111 111 110 109
A-356 | Alkylate ————e- 104 129 176 190 195 201
0.64 0.55 0.93 | 1.57 1,71 1.87 2.14
119 117 124 134 135 137 140
A-132 | 30 one-pass stoak + 70€ VBS = | —~e---- e 71 116 130 136 145
90.6 935.8 90.0 100 98.0 97.5 97.7
75 84 78 100 94 94 94
A-116 | 50% one-pass stock + 504 VBS —m——e=—— 64 76 116 137 145 156
90.9 88.6 93.1 100 0.01 0.01 0.06
76 76 84 100 101 101 103
A-119 | 80% one-pass stock + 20% VBS ~—————— 67 76 114 142 154 165
92.7 90.6 83.1 | 99.2 0,09 0.16 0.24
79 78 84 a7 104 106 109
A-122 {30% one-pass stock + 70% alkylate [ =—~----- 82 103 152 172 178 182
0.15 100 0.26 | 0.45 0.658 0.75 0.83
106 100 110 114 117 121 123
A-117 | 50% one-pass stock + 50% alkylate ——————— 76 91 143 167 176 186
100 96.3 0.06 | 0.34 0.44 0.58 1,17
100 91 103 111 114 117 129
A-121 [ 80% one~pass stock + 20% alkylate ,emmee 72 79 123 149 160 177
96.3 93.8 95 | 0.09 0.19 0.26 0.48
88 84 96 104 107 110 115
A-410 | One-pass stock ce————— 73 83 125 151 164 179
93.4 96.6 99.8 | 0.12 0.16 0.28 0.49
81 9l 99 105 106 110 1156
A-136 | 20%€ triptane + 80% VBS ——————— 74 90 134 155 162 167
94.2 5.0 0,05 | 0.23 0.27 0.27 0.28
835 88 102 108 110 110 110
A-137 | 40€ triptane + 60% VBS ———a- - 100 119 164 191 201 205
0.18 0.43 0.55 | 0.96 1,75 2,07 2.07
107 114 117 125 136 139 139
A-138 | 60£ triptane + 40% VBS creman= 117 142 224 260 264 269
0.67 1.20 1.58 5454 fevevces Frrccen feceven
120 129 134 160 175 175 175
A=272 (20% triptane + 80£ alkylate —eee——- 90 126 185 213 225 237
1.08 0.19 0.88 | 2.13 3.17 3.79 4.57
127 106 123 140 148 152 156
A=273 | 40% triptane + 60X alkylate ——e———- 28 126 225 262 274 283
2.43 0,38 0,88 | 5,69 pecccee bvoccca becanne
142 113 123 160 177 182 le4
A=274 | 80% triptane + 40£ alkylate ——————— 111 159 275 316 326 334
2,70 0,90 2,76 |-ev-ve paveee- beroeee peceees
145 124 145 1985 213 216 218
A-275 | 80% triptane + 20% alkylate crmmcnn 139 190 314 beececc feccces faceees

3.06 2,59 5,90 j---au- F e e
147 144 161 f[eeccce peccccs fececce foccces

a,

Bach fusl contains approximately 4 ml TEL/gal.

NAT iONAL ADVISORY
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NACA MR No.

EYK27

TABLE II - PERFORMANCE RATIRGS OBTAINED IX F-3 AND P-4 ENGIKES - Contlnued

Fuel Fuel composition? P-3 P-4 ratings
by volums ratings Fuel-air ratio
0.065 [0.070 [0.085 [0.095 |O0.100 [O.11lQ
A-276 | 20% triptane + 80% one~pass stock? ——————— 66 72 117 148 160 186
98,8 90,0 90.7 | 0.01 0.14 0.26 1.17
96 77 78 101 105 110 125
=277 40{ triptane + 60% one-pass 5tockb —eweo a1 89 139 176 195 231
0.08 99 .4 0,05 | 0,29 0.e8 1.77 .86
103 99 1im 111 124 138 152
A-278 | 60% triptane + 40% one-pass stockP ——em———e 100 109 171 218 244 291
0.48 0,43 0.36 | 1.36 3,52 | ==ceee |cmcc-n
115 114 113 131 150 162 190
A-279 | 80% triptane + 20% one-pass stock® e | 126 147 | 260 361 391
1.80 1.63 1,82 |--~--- T -
136 134 137 |==-== - | m———— cemen-
A-271 | Triptane® S 204 262 | ©393 |==--an [=--a- -
3.30 [==e=== [=---- L EETT LT T —————-
149 191 je-eeeefemaaa D N Lt -
A-397 | 20% dilsopropyl + 80% VBS ————ee- 77 91 132 149 154 165
96.6 96.9 0.08 | 0.20 0.1 0.186 0.04
90 91 103 108 107 106 101
A-398 | 40% diisopropyl + 60% VBS = | ==-=--- Bl 96 143 167 175 180
0.09 99.4 0.1€ | 0.34 0.44 0.50 0.67
103 98 106 112 114 116 120
A-399 | 60% diisopropyl + 4064 VBs = | ------ - 9€ 108 163 187 197 207
0.33 0.33 0.34 | 0.90 1.55 1.86 2.21
111 111 112 124 134 137 141
A-400 | 80€ diisopropyl + 206 VB8 | e=----e 111 141 202 226 236 250
1.17 1.10 1.56 | 3.23 4.14 5,07 |===w= -
128 127 134 148 153 158 163
A-405 | 20% dilsopropyl + B80f alkylate = | ~=----- 125 146 192 210 217 222
0.90 1.78 1.78 | 2.58 2.97 3.21 3.24
124 136 136 144 146 148 148
A-406 | 40% diisopropyl + 60% alkylate —————— 138 158 206 227 234 240
1.45 2.47 2.67 | 3.49 4.29 4.80 5.00
132 143 144 150 154 156 157
A-407 | 60% ailsopropyl + 40% alkylate = | =-eee-- 132 154 212 240 252 263
1.40 1.91 2.29 | 3.87 [=ecere | @cccen |cannen
132 138 141 152 l€2 1€7 171
A-408 | 80% diisopropyl + 20’ alkylate e - 136 162 226 261 275 292
2.10 2,24 3.05 | 5.85 | =ewemn | eccces [anenes
139 141 147 161 176 182 190
A-401 | 20€ diisopropyl + 80% one~pass stock | --==--= - 79 89 132 163 177 185
96.1 98.1 0.05 | 0.20 0.39 0.67 1.60
8a 95 102 108 113 120 134
A~402 | 40% ailsopropyl + 60% one-pass stock P B84 99 150 177 189 209
0.06 0.05 0,20 | 0.43 0.95 1.48 2.34
102 102 108 114 125 133 142
A-403 | 60X diisopropyl + 40% one-pase stock | ===---- 96 114 165 196 210 235
0.24 0.33 0.44 | 1.02 2.00 2.72 4.29
108 111 114 126 138 145 154
A-404 | 80X diisopropyl + 20£ one-pass stock | =seecee 120 143 197 229 245 272
0,68 1,34 1.65 | 2490 4,57 | creren | meoven
120 131 135 146 155 162 177
A-393 | Ditsopropy1d —————— 147 173 246 289 304 324
2.41 3.53 4,11
342 150 153 175 195 | mececa | acoeem

13

fuels wers tested.
SEstimated value.

dvalues for knock-limited imep were averagea irom three ourves.

agach fuel contains approximately 4 ml TEL/gal.
Knock-1imited performance of the engine with one*pass catalytic stook was low on the day these

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




"

NACA MR No. EUK27
TABLE II - PERFORMANCE RATINGS OBTAINED IN P-3 AND F-4 ENGINES - Continued
Fuel Fuel composition® F-3 P-4 ratings
by volume) ratings FUs1-alr ratio
0.065 |0.070 [0.085 | 0,095 | 0.100 |0.110
A-411 |20% nechexane + 80% vBs | ------- 74 86 124 142 147 150
94.5 95,0 100 | 0.10 0.09 0.05 99.2
84 a8 100 104 103 102 G
A-412 |40% nechexane + 604 VB8 | ececeece - 81 97 138 138 164 167
0.05 99 .4 0.17 | 0.28 0,31 0.32 0.28
102 98 106 110 111 111 110
A-413 | 60% neohexane + 40% VB | —--ee- - 93 108 159 178 183 187
0.36 0.26 0.34 | 0.67 1.03 1.17 1.25
112 110 112 120 126 128 130
A-414 | 80X neohexane + 204 VBS | <==ce-es 108 130 182 203 208 210
2.00 0.75 1,06 | 1.95 2,48 2,57 2,41
138 121 127 138 143 143 142
A=-415 20‘ neohexane + 80% alkylate = = | ee=ee-- 112 130 172 193 199 202
1.10 0.95 1.06 | 1.41 1.85 1.95 1.91
127 125 127 132 137 138 138
4-416 } 40% neohexane + 60% alkylate ——————— 118 137 186 203 207 209
: 1.50 1.25 1.38 | 2.19 2.48 2.50 2.35
133 130 131 140 143 143 142
4+417 | 60% neohexane + 40% alkylate = [ =---=-- 124 146 195 212 218 216
2.57 1.53 1.78 | 2.78 3.1¢C 3.07 2.83
142 133 136 145 147 147 145
A-418 | 80% neohexane + 20% alkylate = | «ece--- 137 158 208 224 227 22€
3.36 2.35 2.67 | 3.61 3.93 3.93 3.52
149 142 144 151 152 152 150
A-420 | 20% neohexane + 80% one-pass stock ,—————— 79 95 146 171 180 190
96.6 98.1 0.14 | 0.38 0.50 0.92 1.38
90 95 105 113 116 124 131
A-421 | 40 neohexane + 60% one-pass stock P 86 107 165 190 197 203
0.10 0.10 0.33 | 1.02 1.70 1.86 1.96
104 104 111 126 135 137 138
A-422 | 60% neohexane + 40f one-pass stock c-er——- 108 138 192 210 215 217
0.33 0.75 1,43 | 2.58 2.97 3.07 2.90
111 121 132 143 146 147 146
2-42% | 80% nechexane + 20% one-pass stock —m————— 132 162 214 230 233 2324
1,66 1,91 3,05 | 4.70 4,72 4.67 4.14
135 138 147 153 15€ 156 153
A~394 | Neohexane® ——————— 159 187 230 240 242 243
6.00 4.76 5,58 [+-=e==| o--o-n 5.87 5.43
161 156 160 163 162 161 159
4-123 | 20€ isopentane + 80% VBS ceemeaa 72 87 127 141 146 149
4.4 93.8 0.02 | 0.14 0.07 0,03 98.9
83 84 101 106 103 101 99
A-124 | 40€ isopentene + 60% VBS B B8O 99 139 151 155 159
99.1 98.8 0.20 | 0.29 0.21 0.18 0.12
a7 96 108 110 108 107 105
A-134 | 60% 1sopentane + 40% VBS “mmvee- 87 112 153 168 172 174
0.23 0.12 0.41 | 0.46 0.46 0.45 0.42
108 108 114 114 114 114 113
A-376 | 80 isopentane + 80% alkylate LT 121 144 186 201 204 204
0.92 1,39 1,69 | 2.19 2,34 2,29 2.00
124 131 135 140 142 141 138
2-376 | 40f isopentane + 60f alkylate —ceaas 121 144 191 203 205 204
0.99 1,39 1.69 | 2.52 2.48 2.36 2.00
125 131 135 143 143 142 138
4-388 | 204 isopentane + 80F one-pass stock L e 87 132 160 173 188
95.8 97.5 0.08 | 0.20 0,34 0.47 1.29
87 94 101 108 111 118 130
A-389 | 40% 1sopentane + 60% one-pass stock e 85 97 140 168 180 192
100 0.07 0.17 | 0.30 0,46 0.92 1.47
100 103 107 111 115 124 133
3gach fuel contains approximately ¢ ml TEL/gal.
@Values for knock-limited imep were averaged from two curves. NATIONAL ADVISORY

COMMITTEL FOR AERONAUTICS



NACA MR No. EHK27

TABLE II - PERFORMANCE RATINGS

OBTAINED IN F-3 AND P-4 ENGINES - Continued

15

Fuel Fupl composition® P-3 P-4 ratings
zb_y Velume) ratings Puel-air ratio
- S ce .. .-lo.065 [o.070 Jo.085 |vu.085 [0.100 [O.110
A-139 |20€ hot-acid octane + 80% VBS 70 83 128 147 151 154
92.5 98.0 | 0.156 0.16 0,11 0.02
83 94 106 108 105 101
A-140 |40% hot-acld octane + 60X VBS ———— 74 89 143 168 173 179
100 95.0 0.03 | 0.34 0.46 0.47 0.58
100 94 10 111 114 115 117
A-141 |80% hot-acld octane + 40 VBS | occece-e - 106 165 191 198 207
0.18 0,05 0.31 | 1.02 1,75 1.91 2.21
107 102 111 126 136 138 140
A-367 |20% hot-acld octane + 80X allkylate ——————— 121 142 188 205 210 215
0,82 1,39 1.60-| 2.32 2,62 2.72 2,76
123 131 134 141 144 145 145
A-368 |40% hot-acid octane +60% alkylate cscmans 125 148 200 218 226 235
0,72 1.68 1,87 | 3.10 3.59 3.86 4,29
121 134 137 147 150 152 154
A-369 |60% hot-acid octane + 40% alkylate ——veoo= 129 154 216 240 248 257
0.88 1.77 2.29 | 4.31 |------ L R
124 136 141 154 162 164 168
A-370 | B0O% hot-acid octane + 20€ alkylate EEEEE LS 129 154 238 269 276 280
0.72 1.77 2,29 [en=ces |mceccs loceeae |oaen.a
121 136 141 169 182 183 182
A-371 {20% hot-acid octane + 80%f one-pass ———maa 80 90 138 170 185 206
stock 95.1 98.8 0.06 | 0.28 0.49 1.30 2.14
8 95 102 110 118 130 140
A-372 | 40% hot-acid octane + 60% one-pass ——————— 88 97 154 192 208 229
stock 100 0.14 0.17 | 0.48 1.80 2.57 2.73
100 105 107 115 136 143 151
A-373 | 60% hot-acid octane + 40% one-pass LT 90 101 164 203 220 245
stock 0.18 0.19 0.25 | 0.96 2.48 3.43 5.71
107 107 108 125 143 149 160
A-374 | 80% hot-acid octane + 204 one-pass ——————— 29 118 187 224 240 268
stock 0.45 0.41 0.45 | 2.26 3.93 5,60 |ee—--e
115 114 115 141 152 160 175
A-330 |Hot-acid octane® ——————— 131 159 250 289 304 317
1,08 1.86 2,76 |=e-vem |meccee |cceaaa EET R
127 137 145 178 185 |=~--=-- —eeee-
A-257 208 mixed xylenes + 80% VBS wesomas 68 78 114 132 138 148
92.6 9.3 94,7 | 99.2 98,7 98,1 98.6
79 79 86 97 96 94 96
A-258 |40% mixed xylenes + 60% VBS cecmee= .1 78 117 147 160 182
95.6 91,9 94.7 | 0.03 0.16 0.26 0.83
86 a0 86 101 106 110 123
A-259 | 60% mixed xylenes + 40K VBS D 74 85 146 194 218 253
95.2 95.0 99.3 | 0.38 1.90 3.14 |eeeee-
86 87 99 113 137 148 165
A-260 | 80% mixed xylenes + 20% VBS B 84 85 214 |ewmene |cccces |oeeeae
0,04 0.05 0.14 | 4.00 - -
101 102 105 153
A-261 | 20 mixed xylenes + 80% alkylate R 88 101 158 194 208 227
0,58 0.14 0.23 | 0.65 1.90 2.87 3,59
116 105 108 119 137 143 150
A-262 | 40% mixed xylenes + 60% alkylate —————— - -] 95 153 206 252 287
0.27 100 0.14 | 0.46 2,89 [eecece |aaaeas
110 100 108 115 144 167 187
A~263 | 60£ mixed xylenes + 40% alkylate ~eecena as [ ] 181 274 |eemces |cccaae
0.14 0.07 0.19 | 1.89
108 103 107 137 1856 essves |cocces
A-864 | 80K mixed xylemes + 20% alkylate P a7 103 260 336 370 |e=ee=-
0.27 0.18 0.87
110 108 110 188
Sgach fuel contaling approximately 4 ml TEL/gal.
®Values for Iknock=1imited imep were averaged from two curves. NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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NACA MR No.

TABLE II - PERFORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES - Continued

E¥K 27

F-4 ratings

Fuel Fuel composition® F-3
(by velume) ratings Puel-air ratlo .
0.065 [0.070 [0.085 | 0.095 | 0.100 |o0.l10
A-265 | 20 mixed xylenes + 80X one-pass | ===---= 71 74 111 138 151 178
stock 94.7 93.1 92.0 | 97.9 0.03 0.11 0.50
84 83 81 94 101 105 116
A-266 | 40% mixgd xylenes + 60% one-pass | ------- 80 86 133 172 196 246
. stock 97.5 98.8 100 | 0.21 0.58 1.81 5.86
92 95 100 108 118 136 161
A-267 | 60% mixed xylenes + 40% one-pass | ===---= 95 100 184 251 282 339
stock® 98,8 0.31 0.22 | 2,06 | ~-==we| wmmome fomenen
96 111 108 139 169 187 | =-----
A-268 | 80% mixed xylenes + 20% one-pass | ------- 102 106 351 | m---os| meemem femeeeo
stock 0.16 0,48 0,51 [-=encn]| eceue- e
106 115 111 |==es== | mmceme | meeoon | ceeees
A-256 | Mixed xylenesb'd ------- 105 128 [~-====| =secee| weeccs | oomnnn
0.92 0.60 0,69 [ -===-m| m=memo| comann [ oomoo
124 118 120 |==<-=- [ =oecen| mnvmae | ocoea-
A-245 | 208 cumene + 80% V8BS 00| eee-e-- 67 72 98 123 134 154
92.4 90.6 90.7 | 92.5 5.7 96,9 0.02
78 78 78 82 a8 3} 101
A-244 | 40% cumene + 60% VBS | —eeeee- 7 70 95 117 130 160
92.7 90.6 89.3 | 91.3 93.7 95.€ 0.14
79 76 76 80 84 88 105
A-246 | 60% cumene + 404 VBS 00|  eeceaes 67 72 94 118 132 174
94.2 90.6 90,7 | 90.8 94.0 96,3 0.42
83 78 78 78 85 91 114
A-247 [ 80% cumene + 204 VBS @00 | eeee-aa 77 76 90 120 151
96.0 96.9 93.3 | 89.2 94.7 0.11
88 91 84 76 86 105
A-248 | 20€ cumene + 80% ulkylate = | ——~-=-- 98 102 143 172 187 215
0.32 0.38 0.25 | 0.34 0.58 1.39 2.76
111 113 109 111 117 131 145
A-249 | 40% cumene + 60% alkylate = | eecc--- 71 76 113 148 171 233
0.11 93.1 93.3 | 98.8 0.17 0.44 4.00
105 84 84 95 106 114 153
A-250 | 60% cumene + 40% alkylate = | ee-e---- 77 76 94 124 149 277
0,03 96.9 93.3 | 90.8 96.0 0,08 |=----=
101 91 84 78 90 103 180
A-251 | 804 cumene + 20% alkylate ——————— 74 73 86 114 160 |=mee--
97,7 95.0 91.3 | 87.5 92,7 0,26 |[===---
93 87 80 73 82 110 | e==ven
A-252 | 20% cumene + 80f one-pass stock | ~------- 70 69 91 120 137 175
93.0 92.5 88.6 | B89.6 94.3 97.8 0.44
80 82 75 76 85 93 114
A-253 | 40% cumene + 604 one-pass stock = | ====--- 70 67 75 95 112 168
93,6 92,5 87.4 | 82.9 86.3 90.0 0.30
82 82 74 67 7 77 111
h-254 | 604 cumene + 40X one-pass stock .—eeeee 66 62 €5 81 94 153
93.0, | 90.0 84,0 | 78.8 81.3 84.4 100
80 78 68 62 65 69 100
A~255 | 80% cumene -+ 20% one-pass stock = | =--en- - 66 63 70 98 141
.o 95,0 90.0 84.8 | 80.8 87.3 99.1
as 78 69 64 74 98
4-240 |Cumened 1 eceaoo. ™ 75 87 122 | eeceue
95.0 96.9 92.7 | 87.9 95,3 | =-eeu-
85 91 83 74 88 | ------

8Rach fuel contains approximately 4 ml TEL/gal.

bKnock-linited performance of the ensine with one-pass catalytic stock was low on the day these
fuels were tested.

dValues for knock-limited imep were averaged from three curves.

NAT10ONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II - PERFORMANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES - Continued

17

Fuel Fuel composition? F-3 F-4 ratings
(py velume) ratings Fuol-alr ratio
0.0€5 |o0.070 [0.085 [ 0,095 |[0.100 [0.110
A=341 |20% benzene +80% VB8 = [ —<----e 78 85 134 155 162 168
91 .4 97.5 99.4 | 0.22 0.27 0.29 0.30
76 93 97 108 110 110 111
A-342 [40% benzene + 60 VBS 0| =ece=e=-- 38 89 146 178 190 208
92 .4 99..4 0.05 | 0,37 1.03 1.63 2.28
8 97 102 112 126 134 141
A-343 | 60% benzene +40% VBS = ===00| =ececeas 78 a5 244
94,2 87.5 99,4 [~-----
93 97 173
A-344 | 80% benzene + 208 vBS 00| ea~-e-o 98 115 [=awecs [ wmmene [cmcecn faecnnn
96.2 0.38
88 113 115 |ewmmme | eccmce |mmmcan |omanan
A-358 | 204 benzene + 80% alkylate = = | e---e-- 117 127 182 212 222 234
: 0.43 1.20 0.92 | -.95 3.10 3.57 4.14
114 129 124 127 147 150 153
A-359 | 40% benzene + 60% alkylate | me=-ee= 102 112 182 230 253 293
0.12 0.48 0.41 1.95 4.72 |~ |wmeee—
105 115 114 137 156 168 192
A-360 | 60% benzene + 40% alkylate | e~------ 102
100 0.48
100 115
A-361 | 80% benzene + 20% alkylate = [ cea-a-- 119
98.3 1.30
94 130
A-362 | 204 benzene + BO% one-pass stock | c-e---- 77 86 142 172 104 203
95.8 96.9 100 [ 0.33 0.58 1.25 1,96
a2 91 100 111 118 130 138
A-363 | 40% benzene + 60% one-pass stock | ==--- -- 82 79
92,0 100 95.3
7 100 a8
A-364 | 60% benzene + 40% one-pass stock P T 68 72
91.5 91,3 80.7
77 80 78
A-365 | 80% benzene + 20% one-pass stock | ~~ee--- 94 93
93.0 0.29 0.11
80 110 105
A-340 | Benzene® 00| eeae-a- 199
87 |----- -
68 186
A-321 | 20% toluene + 80% VBS | ceceeu- 85 96 137 156 164 172
93.7 0.07 0.16 | 0.26 0.29 0.32 0.27
82 103 106 110 110 111 110
A-322 | 40% toluene + 60§ VBS | eec-o - 92 96 175 228 245 2€6
95.1 0.24 0.16 1,57 4,43 | ~e=meee [mmee=-
a5 109 106 134 155 162 173
A-323 | 60% toluene +408Z VBS = | e~e-e- -- 88 95 204 303 346 425
97,0 O.14 0.14 306 | e=eme - | rmm——— | mm—————
a1 105 105 149 | ==c=== | === - | mm————
A-324 | 804 toluene + 206 VB8 | =---- -- 101 113 340
98,8 0.45 0,42 | wemena
115 114 -
8ach fuel contains approximately 4 ml TEL/gal.
€values for knock-limited imep were averaged from two curves.

NATIONAL ADV 1SORY
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TABLE II - PERFORMNANCE RATINGS OBTAINED IN F-3 AND F-4 ENGINES - Concluded

Fuel Fuel composition?® F-3 F-4 ratings
(by volume) ratings Fuel-air ratio
0,065 0.070 (0.085 0.095 0.100 0.110
A~325 | 20% toluene + 80K alkylate = | ==--v-- 121 139 191 221 232 249
Q.48 1,39 1.47 2.52 3.73 4,55 | =-===-~
115 131 132 143 1581 155 162
A-326 |40% toluene + 60% alkylate = = | ===---- 108 128 223 275 308 348
) 0.54 0.75 0.97 5,38 | em-ee- ccence | amceae
116 121 125 159 186 | =~=-== | ~=vr=e-
A-327 | 604 toluene + 40% alkylate e 100 105
0.25 0.43 0.30
109 114 111
A-328 |80% toluene + 20% alkylate = | e=-e--- 108 116
0.16 0.75 0.47
106 121 115
A-331 20% toluene + 80% one-pass stock | ------- 80 90 137 169 184 212
25.1 98.8 0.06 0.26 0.47 1.25 2.55
85 95 103 110 115 130 143
A-332 | 404 toluene + 60% one-pass stock | =e----~ 85 92 151 202 224 262
95.3 0.07 0.09 | 0,44 2.41 3,72 | —-emen
86 103 103 114 142 151 171
4-333 | 60% toluene + 40% one-pass stock | ------- 9l 95 178 270 319
97 .4 0.21 0.14 1,73 | ==-m-m ——————
91 108 105 13§ 182 | ~=----
4-334 | 80X toluene + 20% one-pass stock | -~=---= 102 106
0.10 0.48 0,31
104 115 i11
A-320 [ Toluene® | eeeeaan 134 140 lececen | maccaa| ccrcca | ccanaa
0.57 2.00 1.51
118 138 133
A-336 | 204 MTB ether + 80% vBS | ce-e--- 95 101 144 170 179 187
98.8 0.31 0.25 0.30 0.49 0.83 1.25
96 111 108 i1 115 121 130
A-337 | 40 MTB ether + 60% VBS | e------ 112 113 165 204 223 253
0.12 0.95 0.42 1,02 2.55 3.64 | ~~--=-
108 125 114 126 143 151 165
A-338 | 60% MTB ether + 40% VvBS | =--e--- 192 163 228 281 307 358
0.92 | sc-va- Y5 U PEDIN, [ S g
124 180 148 162 190 | =eecen | —aaeaes
A-339 | 80% MTB ether + 20% VBS | =-ee-ea 2z 309 379
2,61 | ===coc| acemnacfocaaaa ——————
144 | =mmeme | cmmmec|emeee e | s
A-347 | 202 WTB ether + 80% alkylate = = | ===---- 143 155 230 258 268 281
1.68 3.06 2.38 |mc-mam f comeen| mmmmem [ e
135 146 142 163 174 178 183
A-348 | 40% WTB ether + 60% alkylate = | e===-== 166 174 258 312 338 377
2,30 5.43 4,2) |meccen| covece] mcciac | emeeen
141 159 154 132 | coewmea| cmmmmm | vmmmea
A-349 | 60% MTB ether + 40% alkylate = = | ~==----
2.50
143
A-350 | 80X NTB ether + 20% alkylate | =e==--=
: 6.0
161
A-351 | 208 MTB ether + 80% one-pass stock | -=--c-s
96.1
88
A-352 | 40X MTB ethar + 60% one-pass stock | wc-ec-a-
0.14
105
A-353 | 604 NTB ether + 40K one-pass stock | —~---c--s
0.47
115
A-354 | 80£ MTB ether + 20% one~pass stock a——————
1.00
126
A-335 [ NTB ether®* | eeces -
>6,00
> 161
AEach fuel contains approximately 4 ml TEL/gal.
€Values for knock-limited imep were averaged from two curves. NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE III ~ REPRODUCIBILITY OF THE F-L RATING ENGINE

Fuel-air ratio
0,065]0,070] 0.075] 0,085} 0.095] 0.100] 0.110] 0.120
Virgin base stock plus l; ml TEL per gallon
Average imep 73 82 95 1 118 | 133 | 137 | 1LOo | 136
Mean deviation | 4L.O | L4L.,8 ] 5.2 | 5.2 | L.2 | 3.} 2,1 | 2.3

Percentage mean| 5.5 | 5.9 | 5.5 | Lt | 3.1 | 2.5 | 1.5 ] 1.7
deviation

Item

Aviation alkylate plus L ml TEL per gallon

Average imep 112 | 129 | 147 | 175} 193] 198 | 200 | 196
Mean deviation | 9.1 | 8.2 | 7.4 | 6.8 6.1 5.1} 3.6 3.k
Percentage mean{ 8,1 | 6.4} 5.1 | 2.9 3.2 | 2.6} 1.8 1.7
deviation
One-pass catalytic stock plus 4 ml TEL per gallonl
Average imep 75 82 95 { 12l | 1572 | 165 | 181 | 183
Percentage mean| 6,3 | 5.0 4.5 | L.5| 3.8] 3.0} 2.2} 1.8
deviation

The knock-limited indicated mean effective pressures for one-
pass catalytic stock plus Iy ml TEL/gal (from figs. 3(c) and
8(c)) were omitted in making the calculations because the
engine operation was unsatisfactory when these data were
obtained,

National Advisory Committee
for Aeronautics



Knock-limited inlet-air pressure, in. Hg abs.

Knock-limited imep, 1b/eq in.
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fuels as determined in an F=4 rating engine,
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{a) Virgin base stock plus 4 ml TEL per gallon.
Pigure 2. - Reproducibility of engine results obtained in an F-U rating engine,
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Fuel-alr ratilo
(c) One-pass catalytic stock plus 4 ml TEL per gallon.
FPigure 2, - Concluded.
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Figure 5, - Continued.
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(a) Blends with virgin base stock.,
Flgure §, - Knock-limited performance of blends of isopentane (2-methylbutane) with virgin
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Figure 13, - Variatlon of percentage-mean deviation of knock-limited indicated mean effective

pressure [(mean deviation/average imep) x 100] with fuel-air ratlo as determined in an

F-4 rating engine. (Calculated from fig 2.)
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